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“What an interesting place," said 
Alice politely “ but whont it be cold 
in the winter without the walls and 
the roof?” 


“Why, silly, if you waited for the 
walls,” replied the Carpenter indig- 
nantly, “ you wouldn’t be in by 
winter at all. Take care of the wires 
and the walls will look after them- 
selves.” 


“ Are those the walls in bottles?” 


“ Of course. We are allowed to keep 
everything in bottles here, the only 
trouble is the necks are too small.” 


—— 


‘THROUGH THE BOTTLENECKS 


“Dear me. It’s very confusing. I 
feel I could do with a bottle of 
something myself." 


“Don’t let anyone hear you say 
that,” whispered the Carpenter. 
“ The law here is that you can’t be 
thirsty between three o'clock and 
half past five.” 


“Can I get a house with walls as 
well as with wires? ” 


“ Lots of people like that kind better 
and when they have the walls they 
ask Henley’s for the wires.” 


——ow min 
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We do not necessarily agree with the 
opinions expressed by authors of 
articles appearing in this Journal. 


OUR COVER PICTURE 


The photograph reproduced on the front cover 
was taken whilst 33 kV cables were being laid 
across Larne Lough. Details appear on the next 
page. 


Editorial 


Prospects for the Winter 


The unavailability of sufficient skilled 
labour and the shortage of materials, notably 
steel, are held to be responsible for the falling 
into arrears of the programmes of new gener- 
ating plant construction and commissioning. 
In consequence, the gap between the available 
plant capacity and the demand has become 
greater than it was at this time last year. 

Staggered working hours for industry did 
not prevent the interruption of supplies over 
wide areas last winter, and in the aggregate, 
the loss of industrial output was serious. It 
seems that the device of staggered hours did 
not lop so much off the peaks as it was hoped, 
so there is little likelihood that similar measures 
will tide over this winter. 

The Area Electricity Boards are taking 
bold and drastic steps in their plans to 
make the utmost use of the generating plant 
during the 1948/9 winter. The schemes for 
prescribed reductions of demands by both 
industrial and commercial consumers affects 
all of them alike for there are no exemptions. 
It is an innovation that their obligation to 
restrict demands during certain hours to 
specified percentages of the previous winter’s 
maximum loads is a legal one. 

It has not been found possible to include 
domestic consumers in a similar restrictive 
scheme but the tariff increases will un- 
doubtedly curtail consumption though, per- 
haps, not to the desired extent. However, 
determined efforts are being made to con- 
vince domestic consumers of the necessity for 
exercising the utmost economy in electricity 
consumption which, no doubt, will duly meet 
with a co-operative response. 

Much depends upon the Clerk of the 
Weather. If he is benign, the lot of the many 
will be eased, but as we are all too familiar 
with his fickle moods, the obvious course is to 
prepare for the worst and to hope for the best. 
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A 33kv Submarine Cable Installation 


A link across 


XTENSIONS to the 33 kV mains 
Essen of the Electricity Board for 

Northern Ireland from Ballylumford 
Power Station, required a double-circuit 
submarine cable-crossing of some 900 yards in 
Larne Lough, Co. Antrim, and the contract 
for manufacturing and laying the cable was 
placed by the Board with Henley’s 

Two continuous lengths of 0°15 sq. in. 
33 kV screened S.L. double-wire armoured 


Top right: Hauling the starting-end ashore. 
Bottom left : Paying out the cable. 
towing alongside Spartan. 
Bottom right ; Putting the finishing-end ashore. 


Top left: Loading one of the 28 ton drums on Spartan. 


Tug Somerton 


Larne Lough 


and served cable each 914 yards long were 
made. The external diameter of the cable was 
4-126 in., and, as the illustration shows, some- 
thing of an outsize in drums was needed to hold 
these unusual lengths of cable. The overall 
dimensions of the lagged drums were, 11’ 8” 
diameter, and 7’2” wide, and the gross weight of 
each drum of cable was approximately 28 tons. 

The cables had to be laid alongside each 
other from Millbay on Islandmagee to 
Magheramorne Point on the mainland. The 
water is sheltered and at the landing positions 
the beaches shelve steeply. At one point on 
the route the maximum depth of water at 
high spring tide was only 12’ 0” which 
necessitated the employment of a craft of 
minimum draught for the  cable-laying 
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eR TSZ 
, outsize in cable drums” 


operations. At the same time, the craft had to 
be seaworthy as the cables were loaded at 
Belfast, a distance of 35 miles by sea. This 
was the nearest location of a suitable crane for 
transhipping the heavy drums. 

The craft chartered for laying the cables, 
Spartan, was of the type locally known as a 
“puffer” which is a flat bottomed steam 
cargo vessel of 100 tons gross, and drawing 
about 8’ 6” laden and plies between Ireland 
and Scotland. The tug Somerton was also 
chartered for towage. Spartan was fitted 
out at Clarendon Dock, Belfast, under the 
direction of our engineers. The mast and some 
of the deck structures had to be removed to 
facilitate the erection of the supporting 
structure for the cable drums and the braking 
equipment which operated on the drum 
flanges. The limitations to the draught of the 
craft which could be used, and other con- 
siderations, made necessary the separate 
laying operations for each of the drums of 
cable. The cable-laying rig had to provide for 
paying-out over the bows because the position 
of the wheel-house prevented doing so astern. 
To avoid the risk of sharp bends in the cable 
during laying operations, a tubular steel 
out-rigger was fitted at the vessel’s bows. 

The laying operations were carried out at 
spring tides. The Millbay shore-end was 
pulled .off at high tide by two tractors and 
securely fixed to prevent dragging the cable 
during the laying operations. With Spartan 
secured alongside the tug Somerton, the cable 
was paid out: the cable-laying craft was 
beached at the Magheramorne side of the 
crossing, and at low tide the finishing-end was 
landed. 

When the first length of cable was laid, 
Spartan returned to Belfast to discharge the 
empty drum and load with the second full 
one, when laying operations were repeated. 

The ends of the cables were led up to their 
terminating positions on "H" poles adjacent 


Continued at foot of next column 
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Scottish Hydro-Electric 


Schemes 


At the end of May, 1948, work was in 
progress on eleven hydro-electric projects pre- 
pared by the North of Scotland Hydro-Electric 
Board. The total capacity of the generating 
plant these projects will provide is 437 000 
kW, giving an estimated annual output of 
833 million units. 175 000 kW of the work in 
hand should be available for the 1949/50 
winter. This total should be increased to 
570 000 kW by 1952/3 if additional proposals 
now under consideration are confirmed and 
proceeded with. 


Henley’s New 
Export Catalogue 


Henley’s already extensive export trade 
should benefit from the distribution overseas 
of a new catalogue published exclusively for 
the Export Market. This catalogue consists of 
124 pages printed in various colours and is 
bound in full cloth. It is intended to give 
Overseas customers a general view of Henley’s 
wide range of products and deals briefly with 
all types of cables from Winding Wires to 
Super-Tension Cables, Wiring Systems, 
Overhead Transmission, Distribution Equip- 
ment and Solon Soldering Irons. 

The catalogue is not intended for Home 
use, but copies are available for Exporters in 
Great Britain and to Overseas buyers, to 
whom it should prove of immense value. 


British Standards 


Instrument Jewels B.S.go4 : 1948 


A revised edition relating to the dimensions 
of instrument jewels, has recently been 
published. This revision was undertaken at 
the request of the Ministry of Supply prima- 
rily to substitute modified designs for the 
compass jewels which are included in this 
specification. For the other types of jewels 
covered by the standard only minor modi- 
fications have been made. It does not relate to 
cup jewels for integrating meters. 

Copies of this British Standard may be 
obtained from British Standards Institution, 
24, Victoria Street, London, S.W.1. 
Price 2/- post free. 


to the banks of the Lough on either side. On 
the foreshore, the cables were firmly 
anchored, and from the footings of the “H” 
poles up to distances of 30 yards beyond 
low-water mark, the cables were entrenched 
and protected with bags of concrete. Divers 
were employed to carry out this work. 
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The Photo-elastic Method of Stress Analysis 


PARTI 
By P. R. STEVENS, B.Sc., A.Inst.P., A.M.I.E.E., and T. A. MARSHALL, B.Sc. 
Henley Research Laboratories 


] ite problem are constantly faced with: 


the problem of evaluating the me- 
chanical stresses in the structure on 
which they are working, and owing to the 
complex shapes which often occur, exact 
mathematical evaluation of the stresses is 
rarely possible. Many types of extensometers 
exist which enable the designer to measure the 
stresses in the finished structure and thus to 
check his calculations, but it would obviously 
be far better if stresses could be obtained 
from small relatively cheap and quickly made 
models, before the expensive full-sized 
structures are built. One method of doing this 
is known as the photo-elastic method and itis the 
aim of this article to survey the theory, practice 
and scope of this increasingly popular method. 
The photo-elastic method of stress 
analysis is dependent on the fact that when 
transparent materials, which are normally 
isotropic, such as glass and celluloid, etc., 
are stressed, they become doubly refracting. 
The phenomena of double refraction were 
first observed in certain types of crystals and 
it is found that for a single ray of light incident 
upon one of these crystals there are two 
refracted rays, which may or may not follow 
the same path through the crystal. Further- 
more, it is found that the two refracted rays 
are plane polarized in definite perpendicular 
directions known as the polarizing directions 
of the crystal. In general, the two refracted 
rays travel with different velocities through 
the crystal and hence they emerge with a 
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Fic. 1. 
Diagram of a plane polariscope set so that no 
light is transmitted. 


relative phase difference. In all photo-elastic 
work we are only concerned with cases where 
the light is incident normally on doubly 
refracting material which is cut in such a way 
that the two refracted rays follow the same path 
through the material but with different velo- 
cities. The phase difference between the two 
emergent rays is then given by the usual formula 

A=2rd(m -nÀ . (1) 
where d is the thickness of the crystal, A the 
wavelength of the light used and 7, and n, the 
refractive indices of the crystal for the two 
refracted rays respectively. 


The Plane Polariscope 


There are certain types of doubly re- 
fracting crystals in which one of the refracted 
rays is strongly absorbed so that if a sufficiently 
thick sheet of one of these crystals is placed in 
a beam of light, the light transmitted by the 
crystal is plane polarized in a certain direction, 
with respect to the crystal, known as the 
polarizing axis. Two of these crystal sheets, 
which are available under the trade name 
“Polaroid”, form the most convenient type of 
plane polariscope. The usual arrangement is 
to place the two sheets in a beam of light, as in 
Fig. 1, with their polarizing axes perpendicular 
so that no light is transmitted by the system. 
The screen nearest the light source is known 
as the polarizer and the other as the analyser. 


Theory of the Plane Polariscope 


If a sheet of doubly refracting material is 
placed between the two screens it is possible 
that some light may be transmitted. The 
intensity of this light and the conditions for 
transmission are obtained as follows:— 

In Fig. 2 let OY and OX represent the 
polarizing axes of the polarizer and analyser 
respectively and OA and OB the two axes of 
the doubly refracting sheet which are at an angle 
@toOXandOY. The direction of propagation 
of the light is taken as perpendicularly up- 
wards from the plane of the paper. 

The light vector transmitted by the 
polarizer and incident on the sheet may be 
represented as asind (i.e., a plane wave of 
amplitude a and phase ¢ polarized along OY). 
On entering the doubly refracting sheet the 
light is immediately split into two components 
u and v polarized along OA and OB where 
u=asin¢sin ĝ andv—=asin¢cos 0. 

These components travel through the doubly 
refracting sheet with different velocities and 
so they will emerge with a relative phase 
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a sin cosox 


G sin É SiN @ 
D o c x 
Fic. 2. 
Vector diagram of light transmitted by plane 
polariscope. 


difference A. The emergent rays are, there- 
fore, represented by u'=asin(¢+A)sin@ and 
v'=asin¢cos@. 
Upon reaching the analyser only the com- 
ponents (OC and OD) resolved along OX are 
transmitted, and they are represented as :— 
OC+O0D 
=asin(¢+ A)sin@cos@ — asindcos@ sin 0 
=asin2sin3 Acos(¢+3A). 
The intensity of the transmitted light, which 
is given by the square of the amplitude is, 


therefore, 
I~=a’sin?2@sin2(A/2). 
This intensity will obviously vanish for two 
independent sets of conditions which are :— 
(a) When @ is an integral multiple of r 
(as sinv=0), This occurs when the 
polarizing axes of the doubly re- 
fracting sheet are parallel to the axes of 
the polarizer and analyser. 
(b) When A is an integral multiple m of 
2x (as sinn=0). 
If monochromatic light is used, complete 
extinction will occur at all points where 
condition (a) or (b) is satisfied and thus the 
sheet will, in general, appear to be covered 
with light and dark regions or “‘fringes’’. If 
white light is used, complete extinction 
occurs for all wave lengths at points where 
condition (a) is satisfied, but condition (b) is, 
in general, satisfied only for a few selected 
wave lengths as the phase difference A is 
dependent on wave length according to 
equation 1. 
These wave lengths are extinguished and thus 
coloured bands appear. A special case is for 
m=0, when all wave lengths are extinguished 
and thus a black band is formed. As fringes 
due to condition (a) connect points where the 
polarizing axes are equally inclined to those of 
the screens they are known as isoclinic 
fringes and as those due to condition (b) 
connect points of equal colour they are called 
isochromatic fringes. 
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Application of the Extinction Conditions to 
Stress Analysis 


The two conditions derived above form the 
whole basis of the photo-elastic method of 
stress analysis, as it is found that when a sheet 
of isotropic transparent material is subjected 
to any system of stresses in the plane of the 
sheet, it becomes doubly refracting with its 
axes of polarization at any point parallel to the 
directions of the two principal stresses at that 
point. Thus the isoclinics, given by con- 
dition (a) above, connect points at which the 
principal stresses are parallel to the axes of the 
polarizer and analyser respectively. When it is 
desired to find the isoclinics, it is usual to use 
white light, when they show up black against 
the coloured isochromatics. The isoclinics are 
recorded on a sketch or a camera and then the 
model is rotated through a small angle and the 
new set of isoclinics recorded, this is repeated 
until the whole sheet has been explored. In 
this way the directions of the principal 
stresses in the model can be found. It is also 
found that, within the elastic limit, the phase 
difference produced between the two waves 
travelling through a plane sheet of trans- 
parent material under stresses in its plane is 


given by A—Ad(p - 9). 


where 4 is the "stress-optic coefficient", d the 
thickness of the sheet and p and g the principal 
stresses at the point under consideration. 
"Therefore, combining this with the con- 
dition (b) we get 

A=2mr=Ad(p - 4) 

p -q= 2mnjAd—= mejd. a « WW 
where c=27/A : this is a more convenient 
stress optic coefficient. c is variable with 
wave-length but as nearly all work on iso- 
chromatics is done with monochromatic 
light, no difficulty arises. This equation thus 
shows that the isochromatics join points 


Fic. 3. 


Notched beam in pure bending. 
Top. Isochromatic and isoclinic fringes surper- 
imposed, t.e., viewed with plane polariscope, with 
plane of polarization of polarizer parallel to 
axis of beam. 
Bottom. Isoclinic fringes removed, i:e., viewed 
with circular polariscope. 
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having egual differences of principal stresses. 

The method of evaluating the separate 
principal stresses from these conditions will 
not be given here as it is text book material 
and also as a knowledge of the boundary 
stresses is usually sufficient. These boundary 
stresses are easily found as at the boundary 
the principal stress perpendicular to the 
surface falls to zero and we, therefore, get 

p=mce/d 

and hence the stress p if m is known. The 
value of m is usually determined by viewing 


UNPOLARIZED SOURCE 


PLANE POLARIZED 
BEAM 


CIRCULAR a ARIZED 
a 


45° 
“PLANE POLARIZED BEAM 


ANALYSER 
NO LIGHT 


Fic. 4. 


Diagrammatic arrangement of circular polariscope and optical 
transformations for extinction conditions. 


the sheet in the polariscope, using white light 
to find a black point or line where m—0 and 
then switching over to monochromatic light to 
count the lines from m—0 to the point under 
consideration, The monochromatic light is 
used for counting the fringes as the coloured 
lines obtained with white light tend to overlap 
and become indistinct after the first few. It 
sometimes happens that it is not possible to 
determine the fringe order by this direct 
method or that it is desired to know if a fringe 
represents a tension or compression. In such 
cases, a ‘compensator’, consisting of a trans- 
parent strip in tension or compression of the, 
samé material as the model is used to neutral- 
ize the phase difference produced by the 
model. The compression type has been 
found easiest to make and use and it is placed 
between the model and the analyser with its 
axis parallel to a principal stress direction, 
which is found from the isoclinics or by 
trial. If the compensator is compressed in a 
direction parallel to a tension in the model, as 
the stress in the compensator is increased, the 
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colours observed with white light will progress 
down the scale until extinction occurs, i.e., 
until the fringe under consideration becomes 
black. The order of the fringe can be found by 
counting the number of fringes through 
which the compensator alone has passed to 
cause extinction. Thus it is found that if a 
fringe running parallel to the axis of a com- 
pression-compensator can be extinguished, 
the tension component of the stress difference 
causing that fringe is in the direction of the 
fringe and a fringe extinguished perpen- 
dicular to the 
axis represents a 
compression in the 
direction of the 
fringe. 


The Circular 
Polariscope 


As a knowledge 
of the boundary 
stresses is usually 
sufficient, the iso- 
clinics, which are 
generally diffused 
and obscure parts of 
the isochromatics, 
are unnecessary and 
it would be of 
advantage to elimi- 
nate them as can 
be seen from Fig. 3. 
This can be 
accomplished by 
using what is known 
as circularly polar- 
ized light. This is 
produced by 
placing after the 
polarizer a crystal sheet (usually mica) which 
has its axes at 45° to that of the polarizer and is 
of such a thickness that it causes a phase 
difference of one quarter of a wave length 


Fic. 5. 
General view of polariscope. 
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Fic. 6. 
Cantilever beam in bending. 


between the two polarized components which 
emerge from it. If these components are 
combined by the parallelogram law it is found 
that the resultant is of constant magnitude and 
describes circles about the direction of propa- 
gation. The insertion of a second quarter- 
wave plate between the first and the analyser 
converts the circularly polarized light to 
plane-polarized again and extinction can be 
obtained. Such a set-up is 1. 
known as a circular polari- 
scope and is shown dia- 
grammatically in Fig. 4. 

If a piece of doubly re- 
fracting material is placed 
between the quarter-wave 
plates it is found that iso- 
chromatic fringes will appear 
as in the plane polariscope 
but the isoclinics will be 
absent. 


Apparatus for Photo-elastic 
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Fic. 7. 
Beam in uniform bending. 


analysing system are held in a groove in the 
movable stand as shown, so that the position 
can be altered for convenient viewing, whatever 
the shape or position of the specimen under 
observation. Any convenient apparatus 
can be used to stress the specimen, and the 
patterns can be photographed with a normal 
camera suitably placed beyond the analysing 


screens. 


Stress Analysis 


Fig. 5 shows a simple and 
convenient form of polari- 
scope for photo-elastic stress 


analysis. The large wooden 
box contains two ordinary 
filament type lamps for 
“white” light, and a sodium 


discharge lamp for a mono- 
chromatic source. Either can 
be used as required. This 
light emerges from the box 


APPLIED STRESS |REMOVED 


through a ground glass screen, 
giving a 6” square light source, 
fairly uniformly illuminated. 
This is found satisfactory for 


most purposes, and avoids 5.4 


the need for a lens system. 
Adjacent to the ground glass 
screen are (1) a 6” square 
“Polaroid”? plate to serve as 


\ 
CS et a aL 


polarizer, and (2) a 6” square 
mica quarter-wave plate. 
These are held in a slide, and 
can easily be removed, as for 
example when the quarter- 
wave plate is not required. 
Similar quarter-wave and 
“Polaroid” plates forming the 
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FIG. 8. 


200 


Variation of photo-electric constant c with time and temperature. 
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Materials used for 
Analysis 


Photo-elastic | Stress 


The choice of transparent material to use is 
governed by the following factors :— 

(1) Ease of working. 

(2) Sensitivity, i.e., a good pattern should 

be obtained for a reasonable load. 

(3) The elastic constants should be fairly 
high, so that the material is not 
excessively deformed when stressed. 

(4) There should only be a very small 
creep under load. 

(5) Freedom from time-edge stress effects. 
This will be discussed later. 

The material most generally used in this 
country appears to be a phenol-formaldehyde 
resin known commercially as "Catalin 8007, 
although an American Bakelite known as 
BT—61—893 is sometimes preferred, when 
available. Many other transparent materials 
have been used, some possessing additional 
advantages in certain applications, but this 
article relates only to ‘‘Catalin 800”. 


The Two-dimensional Method 


This method is straightforward and 
consists in stressing a two-dimensional plane 
model made from sheet material. The model is 
supported and loaded in its plane at the same 
points as the original and the stress distri- 
bution can be observed visually or photo- 
graphed. It is suitable only on lever and other 
systems where all the stresses lie in the plane 
of the system. Fig. 6 shows how the stresses 
converge in a simple cantilever, while Fig. 7 
shows the uniform bending which occurs 
between the two knife edges when the beam is 
loaded equally at both ends. 


The Frozen Stress Method for 


dimensional Models 


The two-dimensional method cannot be 
used with models in which the stresses vary in 
all three dimensions because any light that is 
transmitted must pass through layers at 
different stresses, and the observed pattern 
will be the integrated effects of these stresses. 

However, a convenient property of 
“Catalin 800" and certain other materials is 
that when stressed at elevated temperatures, 
and then cooled under stress, the distortion 
and photo-elastic pattern are ‘“‘frozen in”. 
This property is illustrated by the graph 
shown on Fig. 8. This shows the variation of 
the photo-elastic constant c in equation 2 
with time at 20°C. and 80°C. The falling 
curve for 20°C. illustrates a steady creep of 
the material under load, which recovers 
slowly when the load is removed. However, at 
80°C. the deformation occurs very quickly 
until a fairly steady value is reached. If the 
load is removed after cooling to room tem- 
peratures it is seen that recovery is negligible, 
i.e., the stress pattern is “‘frozen in". This is 
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Fic. 9. 
Frozen pat- 
tern in disc 
under com- 
pression, 
showing the 
effect of a 
saw cut 
after stress 

freezing. 


the property which enables three-dimensional 
models to be examined photo-elastically in a 
fairly simple way. Fig. 9 shows a “‘frozen’’ 
stress pattern in a flat disc compressed 
diametrically. It will be seen that the saw cut 
extending half-way across the disc and made 
after freezing has not materially influenced the 
pattern. It follows, therefore, that three- 
dimensional models can be stressed at high 
temperatures, cooled while under stress, and 
then cut up into plane sections at the positions 
where stress analysis is required. The photo- 
elastic patterns in the plane sections will then 
give the stress distributions in those planes. 

In the second part of this article, the 
preparation of models of prototypes and the 
observation of stresses therein will be de- 
scribed. Also, the time-edge stress and meas- 
ures to prevent these effects will be discussed. 


Mathematical Tables 
for 
Science and Industry 


It is considered that important investi- 
gations in the physical, chemical and engi- 
neering sciences, in mathematics and in 
industry may be held up by the absence of 
relevant mathematical tables. Several im- 
portant tables of a fundamental nature have in 
the past been produced by the British 
Association through its Mathematical Tables 
Committee. The work in this field has now 
been transferred to the Royal Society on the 
invitation of the British Association and a 
special Royal Society Mathematical Tables 
Committee has been established to continue 
and extend the earlier work. This Committee 
would be glad to receive suggestions from 
industrial research groups, from individual 
investigators and. from Service departments 
relating to existing needs in their special fields. 
Enquiries and requests for assistance should 
be addressed to the Assistant Secretary, The 
Royal Society, Burlington House, London, W.1. 
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The County of London Electric Supply Company 


N a brochure entitled The Story of The 

County Company, the history of this 

famous electricity undertaking is told, 
from its inception in 1891 to the time when 
the Company’s assets became absorbed into 
the British Electricity Authority. 

The bold progressive policy, always so 
characteristic of the Company’s development, 
was evident in those early years in the “*90’s’’, 
for by 1897 they had two good stations, one at 
Wandsworth and the other at City Road, to 
supply the Company’s areas North and South 
of the Thames. The first Provisional Orders, 
granted in 1892, covered an area of 19 sq. m. 
and the plant capacity of the Wandsworth 
power station is described as ‘“‘initially 
capable of supplying 40000 eight-candle- 
power lamps’’. 

Year by year the area of supply grew and a 
Bill promoted by the Company in 1904, and 
which became an Act in 1905, authorized 
them to interconnect their power stations. 
This was an early example of the many steps 
the County Company initiated in their 
persistent efforts to loosen the shackles of 
restrictive legislation. Even so, the inter- 
connection could not be completed for some 
years. The Company had to fight legal 
actions in the Courts to get permission to take 
its mains over London Bridge and through the 
streets of Battersea. By 1911 the Company’s 
two stations were interconnected and in that 
year also, the approximate balance between 
the lighting and power loads which had held 
for some years previously, swung sharply 
over to a predominance of the power load. 

From then until 1919 development was 
rapid. Always in the forefront with technical 
advances, the Company had installed turbo- 
generators in its power stations, and by the 
acquisition of the Provisional Orders for 
Romford and for Croydon Rural District, 
their Area of supply had increased many-fold. 

The story of Barking is a fine romance. 
The Company had been fully aware of the 
possibilities of bulk supplies and large power 
stations, as opposed to the then prevailing 
practice of numerous isolated stations supply- 
ing small areas. Accordingly, as early as 1914 
they had acquired a 360 acre site for a power 
station on the marshes of Barking, so con- 
vinced were they of the correctness of their 
intentions. 

Even at that time, the new station was 
urgently needed, but World War 1 intervened 
and no works could be commenced. Neither 
could this be done immediately after the war, 
for the Electricity Supply Act of 1919 (which 
appointed the Electricity Commissioners), set 
aside the Company’s powers to erect the new 
station which the Romford Order of 1913 had 
authorized. 


The Company’s difficulties were extreme ; 
their generating plant was loaded to capacity 
and their mains were rapidly becoming 
overloaded. For three years this anxious 
state continued, deteriorating almost daily. 
First the Company had to prove to the 
Electricity Commissioners at a public enquiry 
the need for the new station, and when they 
had done this to the Commissioners’ satis- 
faction, consent for the construction of the 
new station was withheld pending a general 
enquiry into London’s Electricity Supply. 

And when, in 1922, the Commissioners 
finally gave their sanction to the Barking 
Scheme, nearly ten years after Parliamentary 
powers had first been granted to the County 
Company, there arose serious financial 
difficulties. The then existing tenure of the 
Company expired in 1931, when the London 
County Council would have had the option of 
purchase. So short a tenure for this great 
enterprise naturally led to reluctance on the 
part of investors to give it their support. 
Subsequent negotiations with the L.C.C. 
were successful in getting the period of tenure 
extended until 1971. 

In January, 1923, work commenced on the 
Empire’s largest power station. Built at a cost 
of £2.5 million, it was opened on 19th May, 
1925, by H.M. King George V. By 1930 the 
installed plant capacity was 240000 kW 
which, rising to 462 000 kW by 1938, is today 
540 000 kW. 

Having taken the lead in power-station 
construction, the County Company were 
obliged to undertake the further pioneering 
task of transmitting the station’s output to the 
load centres by developing the use of 33 kV 
cables and switchgear. They embarked upon a 
huge programme of substations and under- 
ground 33 kV mains involving an expenditure 
of £2 million. It was a costly project for the 
County Company, and manufacturers too, for 
hitherto unexplored technical problems had to 
be solved. But lessons were learned from 
which all ultimately benefited. 

In 1937 the Company began the con- 
struction of Littlebrook power station near 
Dartford, and the first section of 120 000 kW 
was completed in the then record time of just 
over two years. Extensions now in progress will 
ultimately double the capacity of this station. 

Between 1914 and 1947 the Company’s 
output in kWh increased nearly sixty-two-fold 
whilst the price per unit sold was nearly 
halved. 

Great concerns do not build themselves ; 
to the men who have directed the destinies of 
the County Company from its humble 
beginnings to its final splendid maturity, and 
to the loyal staff, who have so ably supported 
them, the highest praise is due. 
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Priory Court, Walthamstow 


A Henley Rising Main installation in a 


large multi-storey flat scheme 


mW t aii 
"OER 


ein A ) 
ee. a el ő 
Some of the Priory Court blocks of flats in course of construction. 


flats in Europe is now in course of 

erection on the Countess Road site at 
Walthamstow, London, E. Known as Priory 
Court, the immediate constructional work 
embraces the erection of twenty blocks of flats, 
each of six storeys and one two-storey block. 
Ultimately, a community centre, shops, 
garages, tennis courts, children’s playground 
and other amenities will be added, provision 
for these having been made in the layout of the 
flat-buildings. 

Each of the six-storey blocks contains 
twenty flats and access is gained by internal 
staircases and lifts. Altogether the scheme 
embraces a total of 414 flats of one-, two-, or 
three-bedroom types. 

The whole of the electrical installation 
work of this large scheme has been entrusted 
to the COLSTON ELECTRICAL CO., 
LTD. (London and Bristol), who are installing 
the Henley Rising Main System in each of the 
six-storey blocks of flats. The rising mains are 
taken up built-in chases, as has been done in 
many other similar installations: these chases 
are adjacent to the lift shafts which are 
opposite the main staircases. 


CO ite: of the largest post-war blocks of 


The lateral services are controlled by —and one of the completed blocks. 
H.R.C. fuses in the Henley distribution boxes 
and they are run in conduit, each one termi- All the necessary holes and chases for the 
nating at a consumers’ service unit fixed ina services were formed in the concrete fabric of 
cupboard above the coal store hatch. the buildings during placing to avoid the cost 
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of cutting-away and making good. 

In each kitchen there are an electric 
refrigerator, an electric cooker, an electric 
kettle, and a 20-gal. water-heater which 
supplies the sink and the bathroom. The 
ring-main socket system in each flat has six 
socket-outlets, two in the kitchen, two in the 
living-room and two in the bedrooms. The 
electrical installation also provides for radio 
in each flat. 

Each block is served by two Hammond 
and Champness fully automatic lifts and the 
whole of the ground floor of each block is 
occupied by a communal laundry fully 
eguipped with electrical appliances which 


The incoming service terminating in a Henley 
Intake Service Fuse Box. 
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One of the Henley service distribution boxes and 
a section of the rising mains. 


include a water heater, three washing machines 
and three drying cabinets. The running costs 
of the laundry eguipment, the lifts, and the 
staircase lighting are borne by the Council, 
whilst the consumers? hire charges for the 
domestic apparatus are included in the 
prepayment meter tariff. 

The specification for the electricity services 
and installations was drawn up jointly by 
F.. G. Southgate, Esq., A.R.I.B.A., 
A.M.T.P.T., M.I.Mun.E., the Borough 
Architect, and E. S. Riley, Esq., M.I.Mech.E., 
M.1.E.E., formerly the Electrical Engineer and 
Manager of Walthamstow Electricity Under- 


taking. 
E.1.B.A. 


We acknowledge with thanks receipt of the 
following subscriptions:—Mr. W. F. Bishop, 
C.B.E., £3 3s. 0d.; Mr. C. E. Morgan, 10s. 0d. ; 
Mr. A. W. McArthur, 10s. 6d.; Mr. A. V. 
Burnett, 10s. 6d. Total £4 14s. Od. 
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Network Transformations 
By a Contributor 


HE following is a collection of network 

transformation formulae which it is hoped 

will be of interest. Certain items are 
believed to be original, or original adap- 
tations, while others are well known and are 
reproduced for completeness and to enable 
comparisons to be made. The numerical 
examples are designedly very elementary. 


(x) Series-parallel Transformations; 
Resistances 


A circuit consisting of two resistances in 
series, or a single resistance which is con- 
sidered to be divided into two portions in any 
desired ratio, can be transformed into an 
equivalent parallel circuit of identical overall 
resistance by the application of the formulae 
shown in Fig. 1. There is, of course, no limit 
to the number of possible solutions to such a 
problem but the particular solution given is 
the one in which the ratio of the voltages 
across the components in series is the same as 
the ratio of the currents in the components in 
parallel. Similarly, a parallel circuit can be 
transformed into a series one, when, of course, 
the above mentioned ratio again applies. 


C=49/3 A 


aan ban 


0=49/4 Q 


Fic. 1. 
SERIES-PARALLEL RESISTANCES 
S=a+b=72=CD]|(C+-D) 

To transform from series to parallel or from 

parallel to series so that Va/Vi=Ic (Ma 
C=S?/a, D=S?/b a= S?/C, b=S?*/D 


It might be of interest to note that should 
it be necessary to derive the equivalent 
conductance of either of the resistances a or b 
shown in Fig. 1, its value is a/S* or b/S? and 
not 1/a or 1/b, as might at first sight appear. 
Similar considerations apply in the case of 
impedances, as discussed below. 


(2) Series-parallel Transformations; 
Impedances 


The formulae given in Fig. 2 for trans- 
forming impedances in series to equivalent 
parallel circuits, or the reverse, make use of 
the notation due to Steinmetz and recognized 
in B.S. 205, Part 1, 1943, Glossary of Terms 
used in Electrical Engineering, the only slight 
departure being that the small letters r and x 
are used to denote components in series and 


capitals R and X to denote components in 
parallel. The derivation of the transformation 
formulae from the notation will be obvious ; 
alternative transformations are given in 
connection with Fig. 2 which may be selected 
for use according to the known quantities. 


R-83a 
7 szün ZH4nr 
Z=5 N 
X=625 N 
Y=0-2MHO 
FIG. 2. 


SERIES-PARALLEL IMPEDANCES 
Notation and values. 


Z =r) =i (èt 1 J—se 


o= =N =0:12 mho 
=x] |Z? =0:16 33 
7 =1/(G?+B?) Ziz =02 s» 
Transformation formulae 
R=24r XZ] t=Z]R x= Z?/|X 
R=r+x2/r, X=x-+r?/x? 
r=RX?/(R?+X?) x= R?X/(R?+X?) 
R=1/G X=1/B_ r=G/Y? x=BY/? 


p.f.=cos0=1r/Z=Z/R 
tan9=x/r=R/X 


(3) Star-delta and Derived Transformations; 
Impedances and Admittances 


The well known star-delta transformation 
is applicable only to networks of impedances, 
reactances, or resistances, or any combi- 
nation of them, and is reproduced in Fig. 3 
together with the corresponding transfor- 
mation for admittances, susceptances and 
conductances, or combinations thereof. Fig. 4 
shows two other transformations, one from 
star or delta to what, for want of a better term, 
might be called a four-wire star (4W.star) when 
the star and delta are composed of impedances, 
etc., and the other effecting a similar transfor- 
mation in the case of admittances, etc. By the 
term "4W.star"? is meant a star circuit in 
which the neutral is "brought out" for connec- 
tion to the neutral of a three-phase four-wire 
supply system. 

Whereas the ordinary delta-star transfor- 
mation is applicable to networks intended for 
use on three-phase, single-phase, or direct 
current supplies, the transformation from 
star or delta to 4W.star is applicable only to 
three-phase circuits, for the phase-sequence is 
liable to affect the results. The latter formulae 
are intended for use in transforming a star or a 
delta circuit connected to a supply system of 
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R=47/5 
G=5/47 


R=47/4 


Fic. 3. 


STAR-DELTA TRANSFORMATIONS 
Networks of resistances, reactances, and impedances expressed in 
A=DF/(D+E+F)=3 


B=DE|(D+E+F)=4 
C=EF|(D+E+F)=5 


Networks of conductances, susceptances, and admittances ex- 
A=(DE-+-EF+DF)/E=1/3 


B=(DE-+-EF+DF)/F=1/4 
C=(DE+EF+DF)/D=1/5 


ohms or % voltage drop. 

D=(AB+BC+AC)|C=47/5 
E=(AB+BC+AC)/A=47/3 
F=(AB+BC+AC)/B=47/4 


pressed in mhos. 

D=AB/(A+B+C)=5/47 
E=BC/(A+B+C)=3/47 
F=AC/(A+B+C)=4/47 


standard phase-sequence, but they can also be 
used for networks connected to supply 
systems of non-standard phase-sequence 
simply by crossing a pair of the lines, just as a 
three-phase motor would be reversed. The 
outcome of the transformation is a 4W.star 
network which, when connected to a four- 


STAR DELTA 


D 
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three-phase four-wire system. 
The ratio of the voltages is 
4/3/+30°, which can be ex- 
pressed symbolically as 1-5+ 
j.866, or more simply as (3 + 
J/3)/2. 

The usual object of any 
transformation such as those 
mentioned is to simplify the 
calculation of the line currents 
in a star system and the volt- 
ages across the various com- 
ponents. In the case of the 
4W.star, the calculation of 
each of the three line currents 
can be performed separately 
and quite independently of the 
other two just as if they did 
not exist. From the absence 
of a neutral conductor in the 
three-wire networks, and the 
like absence of a zero phase- 
sequence component of the 
currents in them, it follows that there will be 
no current in the neutral conductor of the four- 
wire system supplying the 4W.star network, 
since the line currents in the three-wire and 
four-wire systems are identical and must com- 
bine so as to leave no residual current. The 
neutral of the 4W.star network and the four- 


R=47/3 
G=3/47 


G=4/47 


4-WIRE 
STAR 


FIG. 4. 


STAR OR DELTA TO 4-WIRE STAR 
Transformation for impedances in ohms or % drop (numerical values as Fig. 3). 


P=1-5+70-866 
Star to 4W.star 


Ay=(AB+ BC+ AC)/(CP+ BQ) 
By=(AB+ BC+ AC)/(AP+CQ) 
Cy=(AB+BC-+-AC)/(BP-+ AQ) 


Q=1-5 -j0-866 
Delta to 4W.star 
= DF/(FP+DQ)=3:-47 —j0-223 
= DE/(DP+ EQ)=3-84+-70-551 
= EF|(EP+ FQ)=4:-45 —j0-367 


Transformation for admittances (in mhos). 


Ay=(ABP+ ACQ)/(A+B-+C) 
By=(BCP-+ ABQ)/(A+B-+C) 
Cy=(ACP+BCQ)/(A+B+C) 


wire supply of the required voltage and 
frequency and of standard phase sequence, 
will reproduce exactly the line currents and 
phase angles existing in the case of the 
original star or delta networks connected to an 
appropriate three-wire supply. 

The formulae for Fig. 4 are derived from 
those shown in Fig. 3 and the relation of the 
line and phase voltages in a symmetrical 


= DP+FQ=0:-288-+j0-0185 
= EP+ DQ=0:255 —j0-0367 
= FP-+ EQ—0-2235-+0-0184 


wire supply will remain at equal potentials 
even though they are not connected together. 


(4) Application of Formulae. Negative 


Components 


The series-parallel transformations shown 
in Figs. 1 and 2 can be applied to any com- 
ponent appearing in the networks so far 
mentioned. It sometimes happens that+the 
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outcome of a star-delta transformation is a 
delta network consisting of two similar and 
one dissimilar components and that the latter 
can be transformed into two portions in 
parallel, one of which is egual to the similar 
components. "Thus the network becomes the 
equivalent of a symmetrical system with the 
addition of an odd branch across one-phase 
and this will probably simplify calculations. 
An open-delta system can be regarded as 
either a star with one arm of zero impedance 
or as a delta with one branch of infinitely high 
impedance and there might be some suggestion 
of indeterminacy as a result of the presence of 
zero and infinity as factors. This can be avoided 
by the selection of the formulae to be used, i.e., 
whether the impedance or admittance formulae» 


- 1000 + j 2000 


ark OR-(1000—] 2000) 


EQUIV DELTA 


VECTORS 


Fic. 5. 


Transformations resulting in negative impedance. 


The 4W.star transformation lends itself to 
the solution of networks such as the Varley 
sequence and others of a similar nature. On 
applying any of the above three-wire or 
four-wire transformations to networks con- 
taining reactance, the results sometimes 
contain what appear to be "negative? re- 
sistances or impedances, by which is meant 
resistances or impedances which pass currents 
displaced exactly 180° in phase from the 
currents which would flow in similar but 
normal components. The physical meaning 
must be that it is not possible to construct an 
equivalent network with real components and 
queer results like this might appear to be 
quite useless, but this is not so. The calcu- 
lation of the line currents in any network 
containing negative resistances or impedances 
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is performed just as readily as if the com- 
ponents were real. When such apparently 
awkward components appear as a result of a 
transformation, the procedure is to continue 
the calculations as if those components were 
real and actually capable of passing current in 
a direction opposite to the normal. This will 
yield line-currents which are correct both in 
magnitude and phase. A delta system con- 
taining negative components as a result of a 
transformation can itself be transformed to a 
4W .star which does not contain any components 
other than normal. 

An example of the appearance of negative 
impedance occurs in the transformation of the 
star network containing two chokes and a 
resistance, almost the opposite of the Varley 
network, as shown 
in Fig. 5. It will 
be noted that the 
capacitative imped- 
ance can be express- 
ed as either - 1 000 
+72 000 or -(1 000 
-j2 000) but it is 
necessary to use the 
former in carrying 
out simplification or 
further transforma- 
tion. The latter form 
is useful in calculat- 
ing the phase cur- 
rents ina delta. It is 
necessary in con- 
structing vector dia- 

i grams from such 

p calculated values to 

be sure that the 

relevant vectors are 

turned through an 

angle of 180°, so as 

correctly to com- 

Tc bine them for the 
line currents. 


EQUIV 
4-WIRE STAR 


Another inter- 
esting and unique 
circuit consists of the three components of equal 
ohmic value shown in Fig. 6. This network 
transforms to a 4W.star having one com- 
ponent which behaves as if it had positive 
resistance when the supply sequence is 
positive and negative resistance when the 
supply sequence is negative. The vectors 
show the reversal of the current in the re- 
sistance with a reversal of phase sequence and 
it will be seen that the reversal is with respect 
to the supply voltage ; the internal voltage is, 
of course, in phase with the current. 

The network shown must be the only one 
in which the components can be connected 
either in star or in delta to a three-wire 
supply of given voltage, without affecting the 
magnitude of the line currents. On applying 
the star-delta or delta-star transformations, 
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2// 


áá f A 
(6) 


(2) 


EQUIVALENT 4W. STAR LOADS OF POSITIVE PHASE 
SEQUENCE 


(a) WITH STAR OR DELTA POSITIVE SEQUENCE 
SUPPLY 


(b) WITH STAR OR DELTA NEGATIVE SEQUENCE 
SUPPLY 


A 


I,=0-4 
POS.SEQ 


ég ANT 


- 
= s 


is S 
0-267 “307 J 20207 


VECTORS FOR STAR 


Fic. 6. 
Transformation resulting in negative resistance. 


the components remain unaffected in character 
or magnitude, but they are rearranged. 

A similar network is utilized to eliminate 
the negative phase-sequence component in an 
unbalanced system by varying the impedances 
in the various branches. 
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Thawing Water Pipes 
Electrically 


By G. B. GUARD 


HE publication of the short note on 
| Thawing of Pipes Electrically in 
“DISTRIBUTION OF ELECTRICITY” No. 169 
has prompted me to relate a few of my 
experiences since 1935 in connection with 
this subject. The scheme is very simple and 
one that could be carried out by anybody who 
has a knowledge of general building con- 
struction and plumbing, and I can only 
assume that the reason why it has not been 
more generally developed is the fear, on the 
part of the would-be operators, that they may 
do more damage than good. This fear may or 
may not be true, but in the very large number 
of cases and experiments I have carried out, 
only one has refused treatment, and only one 
has caused damage to the installation ; and 
what is more surprising, I have never had a 
burst pipe ! 

The apparatus I use is illustrated in 
Fig. 1. 

It comprises :— 

A 2 kVA double-wound transformer, 
switched on the primary side to give 
outputs at 6, 10, and 12 volts on open 
circuit, with a maximum of 200 amp. 
A number of lengths of 0-2 sq. in. 
flexible cable. 

Two adjustable clamps for connecting 
the low-voltage cables to the pipes to be 
thawed. 

One “Tong Test", ammeter scaled 
0—300 A. 

The transformer is, of course, connected 
to the 240 V supply by a 3-core flexible 
rubber-covered lead. 

The pilot lamp on the transformer is on the 
live side of the transformer switch and serves 
a dual purpose; as an indication that supply is 
on the transformer and, being a neon lamp, 
as an indicator as to the class of supply, A.C. 
or D.C., before switching on. 

The two-pin socket is for an extension 
lead. 

The "Tong Test" is, in my opinion, a very 
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essential piece of apparatus for checking the 
path or paths taken by the thawing-current (a 
point which cannot be too strongly stressed). 

During the cold spell 1939—40 a great 
deal of trouble was experienced at Reading 
Power Station due to the freezing of the 
emergency 3 in. town water-supply main 
feeding a large water tank, and thereby not 
being instantly available for civil defence 
purposes. A small “Revo” superspeed cooker 
transformer was connected up to the exposed 
section of pipe and at the first sign of frost the 
current was switched on. It was found that a 
circulating current of 150 amps. at 3-5 volts 
was necessary on the 10 ft. of pipe to make the 
scheme successful, which it was and still is. 
The set-up is shown in Fig. 2. 


FIG. 2. 


FIt was a great surprise to the men who, 
in previous years when the pipe had frozen, 
had stood on the roof with blow-lamps hoping 
for the best, but finished up by dismantling the 
pipework and taking it into the boiler-house to 
thaw. 

Another very interesting case was when 
the water service to the Engineer’s house 
froze. He had heard of my exploits and said 
he would be glad if I would come as soon as 
possible—there was illness in the house and 
water was required. The next-door house 
was also without water. 

On arriving, my first enquiry was where 
was the stop-tap in the garden ?—the ground 
was covered with snow and there was no clue 
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as to where it might be. This made me think 
that a metal detector should be included in my 
equipment. No stop-cock could be found and 
never has been, to this day. 

Eventually the low voltage leads were 
connected up between the incoming pipes in 
both houses. Each service consisted of 40 ft. of 
2” pipe connected to a 6” main; the services 
were approximately 50 ft. apart. Because of 
the resistance of the pipework it was not 
possible to pass more than 75 amps. Never- 
theless, the time taken to thaw the circuit was 
only 14 hours. 

Following this case I received a call to an 
old house with plumbing the like of which I 
had never seen—there were pipes popping 
out all over the place. Water was available 
from the "cold"? supply but not from all the 
“hot” taps. This was found to be due to some 
taps being supplied from the boiler and some 
from the radiators, while others were correctly 
connected. 

This installation has been the only one 
which I have so far found to defy treatment, 
except by pulling down half the building ! 
Joints in the pipes had not been made with the 
usual material and were of a very high re- 
sistance ; gas pipes were also touching the 
water pipes at unknown points, and the 
consequence was that the majority of what 
little current could be injected into the maze 
of pipes circulated around the gas pipes ! The 
attempt to thaw the water pipes had to be 
given up and nature took charge ! 

Another case, and the only one in which 
the water pipes have been harmed, was when 
the water feed pipes to the roof tank in my own 
residence froze. A current of 150 amps. was 
applied between the rising main and the tank ; 
after a period of 5 minutes, water was dripping 
from the ball-valve and the tank began to fill, 
but unfortunately for me the floating ice in the 
tank prevented the ball from rising and closing 
the valve. Water rose above the overflow and 
spilled over the top of the tank before I had 
the time to free the ball. Connections were at 
once changed over to the overflow pipe which 
is 20 ft. of 3" galvanized pipe. 100 amps. was 
passed through the pipe for its full length, 
except for about 16 ins. which passed through 
the wall and outside the house. It was 
afterwards found that only this small section 
outside had been frozen, and as the overflow 
pipe rose slightly away from the tank, air was 
trapped in the pipe. This section after about 
ten to fifteen minutes became red hot at a 
socket at the centre of the run, and the 
galvanizing for about 1 ft. on either side of the 
socket was destroyed. 

The use of low voltage heavy-current for 
pipe thawing and ice removal, soil heating, 
and many other purposes in industry—is a 
very interesting subject and has a much 
wider field of application than many people 
realize. 
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A Large Henley Contract in India 


graphs of the erection of spun India. 

reinforced concrete poles under a Acknowledgments are made to Lt.-Col. 
contract for the erection of nearly 400 miles E. G. Mackie, Chief Engineer, Electricity 
of transmission lines awarded to Henley’s Dept., Central Provinces Government. 


W: reproduce some interesting photo- by the Central Provinces Government, 


Top Right. Preparing to hoist a spun 
reinforced concrete pole on a 66kV 


Top Left. A run of concrete poles on a 66kV single- single circuit line. 
circuit line : a 2-member angle section structure in the ; 
foreground. Bottom Right. The pole partly hoisted. 


Bottom Left. Hoisting the second member of a 2-pole structure. 
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The Applications of Symmetrical Components 
Part 1 


Earth Fault Currents and Voltages on Transmission Systems 
protected by Directional Earth Fault Relays 


By A. SALZMANN, A.M.I.E.E. 


HEN relays have operated incorrectly, 

the usual practice is to test them on 

.. " site by simulating the system con- 

ditions which existed at the time of mal- 

operation, particularly when the cause of the 
mal-operation is obscure. 

It is obvious that a considerable amount of 
calculation is reguired to compute the values 
of currents, voltages, and phase angles for the 
tests. Short-circuit calculators are not of 
great help because they usually ignore 
resistances which must be taken into account 
when the phase angle has to be determined. 

In the following discussion it will be 
shown how calculation of the desired para- 
meters can be made with the aid of sym- 
metrical components. Networks employing 
induction type relays and having only one 
feed-in point are less complex than large 
interconnected networks supplied from more 
than one source : hence in the former instance, 
the evaluations of fault currents, voltages, and 
phase angles will not be so complicated as they 
appear to be at first sight. 


Symmetrical Components 


Fortescue proved that any unbalanced 
three-phase system can be resolved into three 
separate systems as follows :— 

A positive balanced system with 
phases 120° apart rotating clockwise, 
as the original system. 

II A negative balanced system with 
phases 120° apart, rotating anti- 
clockwise. 

III Three equal components each of the 

same magnitude and phase. 
These are known respectively as the positive, 
negative, and zero phase-sequence sym- 
metrical components. 

The three current vectors Ig, Iy, Ig of an 
unbalanced system can, therefore, be written. 
In=TIno +In+Inz | 

Ir=Iro4Iri+Irz; 

Is=Ipo+Im+In,) .... (1) 
where the suffixes 0, 1, and 2 denote the zero, 
the positive, and the negative phase-sequence 
components. 
_ In analysing an unbalanced system into 
its symmetrical components a vector operator, 
a=1/120° is introduced. It turns any vector 
anti-clockwise through 120°: it is otherwise 


written a= -0-5-+j0:866. Multiplication of a 
vector by a?=1/240°= -0:5 -j0-866 indi- 


cates it is turned anti-clockwise through 
240°. Thus in an unbalanced system, the 
positive sequence components are repre- 
sented by, 

In=Im, In=a7Im, In=alm . . (2) 
The negative sequence components are given 
by 

Ins=In2, Iy:=alrz; Inn =a Inr è 2 (3) 


As the sum of the vectors of a balanced 
system is zero, we can add the terms in 
equations 2 and 3 and write 


In(+a?+a)=0 

In(1+a+a’)=0 sa BD 
where Im and Ip, are, of course, real 
quantities. 

The symmetrical components in terms of 
the actual line currents given in equation (1) 
can be converted as follows by substituting 
the values in equations 2 and 3, and remem- 


bering that Iro= I ro= Isro, 
Ir=Iro+Ir + Ir EE E 
Iv=Irno+a?IntaIn, . . . (6) 
Is=Iroț}aln+aIr . . . (7) 


Adding these eguations, the sums of the 
second and third terms on the right vanish 
(eguations 4) and 

Iro=}(Ir+Ir+Is) (8a) 
Multiplying equation (6) by a and equation 
(7) by a°, adding the results to (5) and noting 
that at=a, and a3=1, we obtain the positive 
phase-sequence component, 

IR.—1(IRk71-aly7-a?I;) a.a (86) 
Similarly, multiplying (6) by a? and (7) by a, 
we get the negative phase-seguence compo- 
nent, 

In.2=}Un+a7ly+alpz) (8c) 
By substituting the values of Jz, and In; as 
given in (8b) and (8c) respectively in equations 
(2) and (3), the values of Iri, Isı and Irz 
Igo are obtained in terms of Ip, Jy, and Jz. 

Equations similar to 1 to 8 are, of 

course, employed for determining the sym- 
metrical components of voltages ; we simply 
write E in place of I. 


Earth Fault Current, Voltage and Phase 
Angle 


When a fault is fed from an alternator 
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through a transmission line, it is well known 
that directional relays operated by the open- 
delta voltage (sum of line-to-earth voltages), 
and residual current, are de-energized under 
normal conditions, for there is no fault 
current (zero phase-seguence current) and 
voltage (zero phase-seguence voltage). 

Correct relay operation under fault con- 
ditions will depend upon the magnitude of the 
voltage, the magnitude of the fault current, 
and the phase displacement between them. 
The latter parameter will be influenced by the 
neutral resistance of the system, the fault 
impedance, and the phase-shift of the neutral 
at the source of supply. 

The fault impedance Zy depends on the 
nature of the fault. A flash-over between a 
line and a tower will have a negligible re- 
actance (X,y—=0); but the earth resistance of 
the tower footing Ry, may vary over a very 
wide range, from 4 to 252 in moist ground up 
to thousands of ohms in dry sandy and rocky 
soils. If the fault is due to a tail of a single- 
phase transformer breaking and coming into 
contact with the pole or tower earth, the fault 
reactance will be large. 

Fig. 1 shows a generator G supplying a 
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FiG. 1. 
Single-line diagram of a duplicate H.V. trans- 
mission line having one feed-in. 


duplicated H.V. transmission line in which a 
fault has developed on the red phase at F. It 
is assumed that the load and capacitance 
currents are negligible and that the mutual 
inductance of the parallel lines has no in- 
fluence on any of the phase-seguence im- 
pedances. The generator neutral is earthed 
through a resistance Ry. Three single-line 
impedance diagrams will be needed to study 
the conditions of Fig. 1 by the method of 
symmetrical components, for in calculating 
the fault current for 3-phase supply, the 
impedances offered by the generator, and the 
transmission lines are not the same for all the 
phase-sequences. The single-line diagrams 
for the phase-sequences are shown in Fig. 2 ; 
those for the positive and negative sequence 
are the same and they are similar to the 
network diagram Fig. 1 in layout. The 
impedances may be different although they 
can be assumed to have a common value for 
quick calculations. 


DISTRIBUTION OF ELECTRICITY 


The neutral points of the positive and 
negative phase sequence networks (Fig. 2) 
are at zero potential because the generator 
voltage is balanced. The zero phase-sequence 
diagram, however, differs because the re- 
sistance offered by the neutral resistance Ry 
must be taken into account. The effective 
resistance of Ry to the zero phase-sequence 
component will be 3Ry. The reason for this, 
is that the voltage of the line neutral to earth, 
Ey, is equal to the zero phase-sequence 
voltage Eno. Now from equation 8a, 
Tro=43Ur+Jy+Iz)=}e, (where Ig is the 
current flowing through the fault), and this 
current flowing through a resistance Ry 
produces a voltage drop of IxRy or the 
voltage Ey across the neutral resistance. We 
can say then, 

Ey=IeRy=(3Iro)Rx=Ino(3Ry)=Eno 


POS. PHASE — 
SEQUENCE 
NETWORK 


NEG PHASE- 
SEQUENCE 
NETWORK 


ZERO PHASE— 
SEQUENCE 
NETWORK 


ero (c) 


the network 


FIG. 2. 
impedances for 
represented in Fig. 1. 


Phase-sequence 


Alternatively we can say that for single- 
phase calculations, the equivalent zero phase- 
sequence impedance must be three times the 
real value. This applies to the neutral re- 
sistance and the fault impedance. 

Let the phase-sequence quantities be, 
Xe, Xe, and Xo, the generator positive, 
negative and zero phase-sequence re- 
actances (the resistances are negligible). 
Zai» Zaz and Zao, the respective im- 
pedance components for the A line. 

Zm, Ze, and Zgo the corresponding 

impedances for B line. 
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The magnitude of the earth fault current Ix is 
derived as follows. 

If the equivalent resultant positive, negative 
and zero phase-sequence impedances of the 
network reckoned from the fault position F in 
Fig. 2 are Z,, Z2 and Zo, we have, 


Z,=XG6,4+-Z4,Ze;/(Zai+Za) . 
Z:=Xe:+Z4:ZB:|(Za2+Ze) . 


The total impedance in Fig. 2 is given by 
Zro=Xo0t-3Rxy+3Ze+ 
ZaoZpo|(Zao+Zno) 
=3Ry+3Zr+Zo ree mee (9c) 


where, Zp=Xvo+Zs0Zn0[(Zaot+Zzso) (9d) 
As the fault is an earth on the R phase only 
(fed by both lines), Iyr—0 and J;,=0. The red 
phase line-to-earth voltage at the position F is 
Er=IrZr. 

By the definition of symmetrical com- 
ponents, Eg is the sum of the components 
Ers Er: and Ero Or 


Er=IrZ r= Er, }Erz+ Ero (10) 


The positive phase-sequence voltage Er, is 
equal to the generated voltage Eer less the 
positive phase-sequence voltage drop due to 
the current Jp; flowing through the total 
impedance Z, (equation 9a). But we can 
express Er, as 
Er Eer — Ir Xo. — lar Za 

where Jz is the red positive phase-sequence 
current in the generator and Jum is the 


positive phase seguence current in line 4, 
which is given by 


Ian IaZeKZait Zs) 


(9a) 
(9b) 


whence 
ER Egk - fm A, A 


ar — IrıZı 


Since the alternator generates balanced 
voltages, it is obvious that the negative and 
zero phase-sequence components are non- 
existent. But, for the negative phase-seguence 
of the voltage there is a drop due to the 
negative phase-seguence current through the 
corresponding impedance Zə, equation 9b, 
as follows. 
Er=0 - InoX Go —LaneZ a2 
where Ike is the negative phase-sequence 
current in the generator and Jiro is the 
negative phase-sequence current in line A 
which is given by 
Taro=In2.Zp2](Z42+Zn2) 

and 
Eno= -Iro{Xo2+Zas sii afla wheel) 

= —IpoZs . (10b) 
Regarding the zero chaseoeguehos voltage, 
an additional factor has to be taken into 
account in Ero, namely the zero phase- 
sequence voltage drop in the neutral re- 
sistance due to the corresponding phase- 
sequence current Iro 
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As has been previously explained, this is 
3InoRy and we have, 


Ero=0 - (3IroRv+InoXcot+LinoZ 40) 


Ino and Isro being respectively the zero 
phase-sequence currents in the generator and 
the A line and given by 


Iasro= IroZso|(Zao+Zso) 
whence 


Ero= —Ino3Ry $s ie aera lioras) 
= —Ipo3Ry-InoZo. . . . 1s . (10c) 


where Zo is the resultant zero phase-sequence 
impedance of the transmission lines and 
generator, as given by equation 9d. 

We see that for the zero phase-sequence 
component, the voltage at the fault position, 
Ero involves the drop across the neutral 
resistance, 3JroRy as well as that due Iro 
flowing through the resultant zero phase- 
sequence impedance Zo. 

Note, if the generator were solidly earthed 
the factor containing Ry would vanish. Exo 
would similarly vanish if the generator 
neutral was unearthed because Iro must be 
zero since no current can flow. 

Again since fault current flows in the R 
phase only, Iy and Jz are both zero and from 
equations 8a, 8b and 8c, Irı= Iro—= Iro. 
Adding equations 10a, 10b and 10c, 


Eri+Ero+Er3=Eor -In(Zi+Z2+Zo+3Ry) 
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Fic. 3 
Phase-sequence networks and their inter- 
connection for the circuit shown in Fig. 1 


But from equation 10, 
side cena Toning 


R= IR2—IRo— 


Eaa 2 +Zo-+3Ry+3Zr) 


hence 


(11) 
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From eguation 5 we have the fault current 
231 m= 3Ira=3 Ino (11a) 


Equation 11 shows that the fault current 
can be determined by applying the generated 
voltage Eer across the separate phase- 
sequence networks connected in series, for the 
denominator on the right-hand side is the 
sum of all the phase-sequence impedances for 
the network. This is an important point and 
upon it, the inter-connection of the networks 
shown in Fig. 3 is based. 


Neutral Displacement Voltage 

The neutral point at the source of supply 
is common to the three phases and under 
fault conditions the potential difference 
between the alternator neutral and earth Ey 
will depend upon the fault current Iz and the 
neutral resistance Ry; thus Ey=IJpRy and 
as we have previously shown that Iz—3Jno, 

Ey= 3IrnoR Ne 

At the alternator star-point, necessarily, 
Er=Er—Eg=Ey and remembering that the 
relationships for the phase-sequence currents 
in equations 8a, 8b, and 8c apply equally for 
voltages we have, 


Ero=}(Ey+Ey+Ey)=Ey 
Em=}(Ey+aEy+a’Ev)=0 
Er=}\(Evx+@Ey+akEy)=0. 

Whence we see that the voltage across the 
neutral resistance or the system neutral 
voltage shift is equal to the zero phase- 
sequence voltage, i.e., Ero—Ey, for the 
positive and negative phase-sequence com- 
ponents are zero from the above equations. 

If in equation 10c we substitute the value. for 
Ino given in equation 11, and for Zo its value 
as in equation 9d, we get for the zero phase- 
sequence voltage at the fault position 
: -Eer i x 
Ziı+Z2+Zo0o+3Ry+3Zr 

{ ; , ZaoZsgo ) 

( 3R, +Xeot 2 Zso 7 

The conclusion to be drawn from this 
equation is, that the zero phase-sequence 
voltage at the generator is E x= Epro, whilst the 
zero phase-sequence voltage at the fault 
position is greater and is given by 


Ero= —Iro(Rv+Zo) 
= (Ey+InoZo) 


Residual or Open-delta Voltage 

The open-delta E! is given by 
E'=Ep+Ey+Es. Now, from the voltage 
equation of the same form as equation 8a we 


Ero= 


(12) 


get, Er+Ey+Es=3Ero, whence from 
equation 10c 
E'=3Ero= —3Ino(3Ry+Zo) (13) 


Thus we see that the open-delta voltage 
is opposite to and three times the sum of the 
neutral phase-shift voltage 3IkoRw, and the 

Continued on page 56 
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Electricity Board for 
Northern Ireland 


The Sixteenth Annual Report of the 
E.B.N.I. was published last July and it 
records marked progress in the Board’s 
functions. 


During 1947 the Board acquired the 


Antrim Electric Supply Co., The Antrim 
Electricity Distribution Co., Ltd., and the 
local undertakings of Antrim Town, Carrick- 
fergus, Glenarm, and Portstewart. 

Energy was purchased from Belfast and 


Wintry conditions, but E.B.N.I. carries on! 
A freeze-up at Mullaghglass substation. 


Londonderry Corporation undertakings and 
from the Ballylumford power station. To 
meet the heavy winter load it was necessary to 
run Larne power station. The purchases 
amounted to 162-5 million units, an advance of 
24-7% on 1946, whilst the maximum demand 
increased 41-6% to 48 727 kW in respect of 
the supplies taken from Belfast Harbour and 
Ballylumford stations. 

The Board continued to operate the latter 
station for the Ministry of Commerce who are 
the owners, and the station was run in parallel 
with the Harbour power station of Belfast 
Corporation. The total units generated by 
Ballylumford were 237 million, the maximum 
load on the station being 59 950 kW, and the 
load factor for the units generated was 

Continued on page 52 
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Concrete Pole Lines for S.E. Electricity Board 


the South-Eastern Electricity Board a 

contract for the construction of a 6:6 kV 
concrete pole line and of 3-phase 4-wire L.T. 
distribution lines and services in the Gravesend 
area. 

The H.V. line was designed for 0-06 
sa. inch cadmium-copper conductor, using 
concrete supports. "The crossarms were of a 
type which was developed by the Mid. 
Lincolnshire Electric Supply Co., Ltd., 


| Tine. South have recently completed for 


who kindly gave permission for the design to 
The line was constructed to the 


be used, 


A section of the 6'6 kV line and a transformer 
pole 


relaxed regulations sanctioned by the Elec- 
tricity Commissioners for rural area develop- 
ment. The concrete poles were manu- 
factured by Messrs. Dow-Mac to B.S. 607. 
Where the line loading exceeded the limit of 
the standard type ‘B’ pole, a double-pole 
construction was used. 

Particular care was needed in transporting 
and erecting the concrete poles. It was also 
necessary to ensure by careful design that the 
standard cored holes in the concrete poles 
would allow fixing space for all fittings on 
transformer, terminal, and other special poles. 
The greatly increased weight of concrete poles 
compared with wood poles meant that 
considerable attention had to be paid to 
foundations ; concrete pads were laid to give 
additional support at double-pole positions. 


The route of the lines was principally over 
market gardening lands and orchards, and the 
consequent wayleave difficulties led to an 
unusually large number of line deviations and 
hence a high proportion of section, angle, and 
terminal poles. 

The 0-1 and 0-06 sq. in. L.V. distribution 
lines are of MHenley’s standard vertical- 
conductor formation. Concrete poles were 
also used on the greater part of these lines 
owing to the difficulty of getting sanction for 
the purchase of new wood poles. Some wood 
and steel poles which the Area Board had 
available locally were used, In one particular 
instance, single-phase services to farm build- 
ings were erected using light steel poles, the 
‘D’ iron assemblies being fitted with welded 
brackets. 

The lines were designed and constructed 
entirely by Henley engineers and linesmen. 
The unskilled labour was provided by the 
former Gravesend Corporation Electricity 
Department who made use of the opportunity 
to have some of their key workmen trained by 
Henley’s. Much of the L.V. service work was 
carried out by the trainees under Henley 
supervision. 

We make acknowledgments to Mr. G. V. 
Harrap, M.I.E.E., formerly Chief Engineer 
and Manager of the Gravesend Corporation 
Electricity Department, and now of the 
South-Eastern Electricity Board. 


L.V. supply to a hamlet. 
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The Object of 
| Engineering 
Mathematics 


By C. TURNBULL, M.I.E.E. 


HE purposes of engineering mathematics 

should be clear to an engineer and their 

form need not conform to the require- 
ments of a pure mathematician. In talking 
with a mathematician, I asked why not say 
that straight lines are parallel when their 
distance apart is constant. He replied, "It is 
not rigorous”. But it is the way an engineer 
designs ships like the Queen Elizabeth and 
big steam turbines and other great and small 
machinery, and the engineer should insist on 
using his own methods. One might as well 
ask the grocers to use chemical balances, as 
the engineer to tie himself to the fascinating 
subtleties of pure mathematics. Workshop 
scales are useless to the laboratory but so is the 
laboratory balance in a factory ; they are both 
useful for their work, however. So also in 
mathematics the engineer has a right to use 
his own methods provided that they get him 
results. This is in accordance with the 
philosophic basis of mathematics that axioms 
are not eternal truths; but they are con- 
ventions, framed for a particular purpose and 
they are right provided that they do their 
work and do not lead to contradiction. Thus 
we have the right to state that a straight line is 
the shortest distance between two points and 
we may omit all thought of curved space 
because that does not concern us. When 
engineers insist on this they will greatly 
simplify mathematics and increase their 
power of dealing with their own problems. In 
actual practice they do this now, but the 
textbooks are tied to the ideas of pure mathe- 
matics and that prevents many students from 
using a system of thought and work which 
would be of the greatest use to them: the 
saving of time would also be immense. As for 
the few students who wish to change into pure 
mathematics, they would be better able to 
understand this if they started with engineers’ 
mathematics. 

In addition to this there are territories 

which can be explored provided that students 
are not inhibited by the idea that they must 
adhere to existing axioms. Let me set forth a 
few ideas which will show how elementary 
mathematics may be made clearer. 
Shapes of Curves. The shapes of curves may 
be puzzling, but the elementary idea behind 
them may be shown by a few simple examples. 
The curve y=x* has the shape shown in 
Fig. la and y—xő is as the Fig. 1b. Combine 
the two and we get y—x?--x? which gives a 
curve of the form shown in Fig. 1c. 
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With some ingenuity the effect of adding 
further curves together may be found: all 
very simple but not explained in the usual 
textbooks. 

The aim of this is to enable a student to 
look on curves as equations made real; he 
should be able to see the equation behind a 
curve. 


(a) (0) N ae 


Fic. 1. 

Newton’s Idea of a Tangent. It is set out in 
Clifford’s Commonsense of the Exact Sciences 
that one can magnify a small piece of a curve, 
so small that it may be treated as a straight 
line, and work with the magnified bit as a 
tangent to the curve. This is quite as mathe- 
matical as the infinitesimal of Leibniz, and it is 
better for engineering purposes. It is time it 
was revived for, if it is looked into, it will be 
found to be of great importance. There is 
really no difference in the methods; as 
Newton’s tangent is just the other way of 
looking at the subject, one can select which 
way pleases one. 

The expression d(sin@)/d@—=cos@ as dealt 
with in the textbooks, may present foggy 
profundity to the student, and while he may 
learn about it more or less by heart, its meaning 
is not clear, at least not to the average student. 
In Fig. 2 sind is drawn on OY instead of on 
BP, for that requires BP to move sideways 
when the angle varies. Also note that @ is the 
length of the arc subtending the angle, using 
the radius as the unit of length. Ő is thus the 
measure of the angle, while we may take sin@ 
to be the length of OA, also using the radius as 
the scale unit. 

Then magnify a small piece of arc at P and 
extend it to T as a tangent ; also let the sine 
OA extend from A to meet the tangent at T 
which itwill doif one 
makes it increase at 
the same rate as it 
had at A: then AT/ 
TP=cos@ and if we 
diminish these to 
infinitesimals, as we 
may do without 
altering the ratio, 
we have d(Sin@)/d@ 
=cos@. 

All this is clear 
and simple and it 
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may be checked by a student drawing the dia- 
gram to a large scale and getting the result by 
measurement, This is more convincing to him 
than analysis by mathematical limits. He be- 
lieves what he finds by measurements :—that is 
psychology. The mathematicians instinctively 
rebel against such engineering methods, but 
the engineers must assert themselves and use 
the methods which suit them, just as pure 
mathematicians assert themselves and use the 
methods which suit them. 

Integration. In an article published in 
"DISTRIBUTION OF ELECTRICITY”, January, 
1946, I explained a simple method of inte- 
grating an area by considering it as made up 
by threads, each ydx in area. This is under- 
standable by a student. 

The Newton’s microscope really opens 
out a wide territory, particularly when engi- 
neers get rid of the inhibitions which at 
present hinders them in using mathematics to 
suit their own purposes. 


Continued from page 49 


452%. The third 31500 kW Parson’s 
turbo-alternator will be available for this 
winter’s load, together with the two 150 000 1b. 
boilers in course of erection. A further 
31500 kW turbo-alternator and two more 
150 000 lb. boilers are to be installed for the 
1950 winter load. 

By the end of 1947 the Board’s system 
embraced 935 miles of 33 kV transmission 
lines, 407 miles of 11 kV lines, and 83 miles of 
6-6 kV lines, while the total length of L.T. 
lines was 904 miles. 1 253 transformers were 
in service and during the year 154 new 
transformer substations were erected. 

It has been decided to erect a 110 kV line 
from Ballylumford to Ballymena. Difficulties 
in obtaining supplies of materials for trans- 
mission lines are delaying extensions. 

The growth of generating plant capacity 
has made necessary the replacement of some 
of the 33 kV switchgear with gear of higher 
rupturing-capacity. Steady progress has been 
made in the comprehensive survey in con- 
nection with farm and rural supplies. 

The units sold by the Board during the 
year were roundly 140 million units. The 
curve giving the price per unit sold shows 
1-48d. for the year, an increase of 0-06d. over 
the previous year. Coal increased by 0-47 
shillings per ton to an average of 50-27 
shillings per ton. 

The Board’s total capital expenditure up 
to 31st December, 1947, was £4715 172. 
The sanction of a £2 million loan by the 
Ministry of Commerce brings the total of 
loans to £4.8 millions, the full amount 
authorized. 
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Inductance and 
Capacitance Loading 
of a 3-Phase Supply 


By G. W. STUBBINGS, B.Sc., A.M.I.E.E. 
HE connections of the 2-wattmeter 
method of 3-phase power measurement 
and the association of currents and 

voltages in the two instruments for a balanced 

load of unity power-factor are illustrated in 

Fig. 1. If the current vectors are each rotated 

by the same angle, then, for a phase shift of 

90°, the wattmeter readings will be equal and 
of opposite sign, and the total power recorded 
will be zero. If the circuit conditions are such 
that the association of currents and voltages 
are as shown in Fig. 2(a), where 
la V 117 IcV cs, Iz is in phase with Vas 
and Ie is in phase opposition to Vex, then the 
instrument readings will be equal and oppo- 
site and the power will be zero. If both 
current vectors are each rotated by the same 
angle, the sum of the wattmeter readings will 
be 

IV agcosô - IeVexcos0=0. 
The VAr in the supply as measured by two 
reactive meters will be 

I4Vansin@ — IcVcxsin@=0. 

Thus, for all values of §, the watts and VAr in 

the load will be zero. The vector triangles of 

line currents and line voltages for this condition 
of zero watts and VAr are shown in Fig. 2b. 

The two triangles are similar, but the phase- 

sequence of the currents is reversed with re- 

spect to that of the voltages. If the line voltages 
are balanced and the voltage vector triangle is 
equilateral, the currents will also be balanced 
and will form a negative phase-sequence system 
as shown in Fig. 2 (c). With an anomalous 
load of zero watts and VAr, the total equivalent 

VA are also zero and the 3-phase power-factor 

has the indeterminate form 0/0. 

The VAr in a 3-phase load as measured by 
two reactive meters will be equal to the 
algebraic sum of the VAr in the single-phase 
components of the load, lagging VAr in one 
component being cancelled by leading VAr in 
another component connected to a different 
line. Thus a supply of zero watts and VAr will 
be taken by resistanceless inductances and 
capacitances so apportioned that the total VAr 
in the inductances is equal to the total VAr in 
the capacitances. If the components are con- 
nected to different lines of supply, the phases 
of the line currents will depend upon the 
relative impedances of the components of the 
load, while the magnitude of the line currents 
will depend upon the magnitudes of these 
impedances. 
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If two inductance com- 
ponents are connected to, say, 
lines AB and BC of the supply, 
the particulars of a capacitance 
connected to the lines AC can be 
determined at once. For, if Y 4x 
and Yze are the admittances of 
the inductances connected to 
lines AB and BC, the lagging 
VAr in these components will be 
Vas? Yan Veo Ysgo so that, if 
Yea is the admittance of a 
capacitance connected to lines 


CA, 

Vip? Yaa+ Vac? Yro = Vea? Y ca 

and this is the condition for a supply of zero 
watts and VAr. 

If the two inductance components are 
connected to lines A and C in star with a 
capacitance connected to line B, then, as the 
vector triangle of line currents is similar to 
but of reverse phase-sequence to that of the 
line voltages, we must have I4=kV ro, 
Ic=kV 4g, and Igs—kVca where k is a con- 
stant. Denoting the impedances of the three 
components by Z4, Zc, and Zg, then the VAr 
in the component connected to line A will be 
IZ. Viac?Za Xk? 

I Ze=V oa? Zo X Rk? 
Is’ Zgs=V ax Zo Xk? 
For zero watts and VAr we must, therefore, 


have 
VreZa+V ar Zo=V o4’ Zp 
and if the line voltages are balanced and equal 


Similarly, 


Zs+Zo=Zp 
Fig, 3 
shows the 
geometrical 1, 
construction I 


for obtaining 
the vectors of 
star voltage 
and line cur- 
rents for star- 
connected 
components. 
Here ABC I 
is the triangle 
of line volt- 


age vectors. Fic. 2. 
AC is divi- 
ded at D so that AD/DC=Z,4/Zc. If BD is 


produced to cut the circle circumscribing the 
triangle ABC at O, then OA, OB, and OC are 
respectively the vectors of the voltages on the 
components connected to the lines A, B, and C. 

The current Z4 can be represented to scale 
by drawing a vector of length BC lagging 90° 
on OA, current Io can be represented by a 
vector of length AB lagging 90° on OC, 
while the capacitance current J; can be 
represented by a vector of length AC leading 
90° on OB. 

This statement can readily be justified, for 
as 


em 
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(a) 
Fic. 1. 
AD/DC=Z./Ze 
I4/Io=OA]Za X Ze/[OC= OA/OC xDC/AD 


By paying regard to the equality of angles 
standing on the same segments of the circle, it 
can be seen that ADO, BDC, and ADB, ODC 
are pairs of similar triangles. Therefore 


OA/AD=BC/BD and OC/DC=AB/BD 
also 
OA/OC x DC/AD= Lalor BC.BD/BD.AB 
=BC 


so that as the 74 and i current vectors are 
equally inclined to OA and OC, the vector 
triangle of the line currents is similar to ABC 
but of reverse phase-sequence. 

When line voltages are balanced, a supply 
of zero VA to a 
combination of 
inductances and 
capacitance will, 
as we have seen, 
be given by bal- 
anced currents 
of reversed or 
negative phase- 
sequence. By 
suitable connec- 
tion of the com- 
ponents, these 
currents can be 
made to cancel, 


wholly or in 
part, the neg- 
ative phase- 
sequence 
component 
of a singje- 


phase load, 
so that the 
resultant 
supply is o 
approximate- 


ly balanced. Fic. 3. 


Page 53 


DISTRIBUTION OF ELECTRICITY 


Book Reviews 


The Graduate in Industry 
By Percy Dunsheath, C.B.E., M.A., D.Sc. 


Hutchinson & Co., Ltd—275 pp. 
Price 10s. 6d. net. 


The author of this timely book needs no 
introduction to the majority of our readers. 
His distinguished career in the electric 
cable-making industry and his intimate 
association with many educational organi- 
zations, well fit him to write authoritatively on 
what is undoubtedly one of the crucial 
problems confronting this country today, that 
is the organization of industry. The high level 
of efficiency which alone can enable us to 
survive as a leading industrial nation, is only to 
be attained by a very much closer study of our 
industrial organization than it has hitherto 
received. : 

An important chapter in the introductory 
portion of this book presents in outline the 
main structure of our industrial organization 
and shows how production is becoming more 
and more dependent on planning. With the 
ever-growing complexity of industry the 
ratio of the “‘organizers’’ to the “organized” 
becomes increasingly high. 

On examining the attitude of industry in 
relation to the universities, the author finds 
that there exists today a growing appreciation 
of the value of education, and that pro- 
pressive firms are seeking the services of the 
university trained man of the right type, 
particularly for filling managerial positions. 
He instances also a number of excellent 
schemes instituted by leading industrial 
concerns, which not only give financial 
support to the work of the universities, but 
also provide facilities for students to obtain 
practical experience in their factories and 
industrial laboratories. Whilst the urgent 
need for still closer collaboration between 
industry and the universities has to be 
admitted, particularly when we consider 
what is being done in other countries, there is 
some degree of satisfaction in observing such 
schemes in active operation and in the 
promise of their being extended. 

Examination of the position in our 
universities discloses that although much good 
work has been done already to meet the new 
conditions, we are unfortunately far behind 
several other nations, where, possibly as a 
result of an earlier recognition of the benefits to 
be derived from improved standards of educa- 
tion the proportion of university trained men 
is relatively much higher than in this country. 

Administration is, in the author’s view, the 
most vital and over-riding function in industrial 
organization and he has much to say about 
the type of training required by the individual 
who is to fill an administrative position. 
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Several chapters of this book are devoted 
to the consideration of the various openings 
available to the graduate who is contemplating 
an industrial career. Useful information is 
given in regard to the many branches of the 
engineering profession, the roles of the 
scientific research worker, the chemist, the 
physicist, the metallurgist, the education 
officer, and so on, with a special chapter 
discussing the position of the woman graduate 
in relation to occupation in industry. 

As is indicated by this brief survey, 
Dr. Dunsheath’s book discusses those prob- 
lems which are foremost in the minds of all 
who are concerned with the efficient staffing of 
industrial organizations as well as the graduate 
who seeks guidance in planning his own future. 


A.C. Network Analysis by Symbolic Algebra 
By W. H. Miller, A.M.I.E.E. 


Classifax Publications—41 pp. 
Price 4s. Od. net. 


This very useful book, Classifax 102, is 
the second of the Classifax series, the first of 
which explained the algebraic manipulation of 
vectors expressed in the form a+jb. In 
Classifax 102 these methods are applied to 
impedance, admittance, conductance, and 
susceptance vectors in their various forms. 

Calculations concerning impedances in 
parallel are made quite simple and, after an 
easily-remembered demonstration of star- 
delta and delta-star conversions, examples of 
network reductions are given step-by-step. 
After digesting the book, a student should well 
be able to tackle simple network reductions. 
The printing style is good and very clear and 
the. method of tabulating the formulae makes 
the book useful for reference purposes. 
Students and those whose duties entail 
network calculations, whether for power or 
communications circuits, will find this book a 
valuable asset at a very modest cost. 


Operation and Maintenance of Industrial 
Electric Motors By 


G. W. Stubbings, B.Sc., F.Inst.P., A.M.1.E.E. 


E. & F. N. Spon, Ltd.—190 pp. 
Price 10s. 6d. net. 


First published in 1939 as Diseases of 
Electrical Machinery, this book appears in its 
third edition, under the new title. The 
former work has been partly rewritten and 
considerably enlarged. 

The treatment of the basic principles of 
A.C. and D.C. motors and transformers has 
been extended in the first two chapters. 
Simple basic tests together with the requisite 
apparatus are explained whence follows a 
comprehensive discussion of electrical and 
mechanical faults on motors and control gear, 
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together with measures for diagnosing and 
repairing them. In this useful and practical 
book, installation and maintenance engineers 
and electricians can rely upon finding practical 
advice on all the usual troubles which are likely 
to occur on electric drives and control gear. 


Electrical Installation Rules and Tables 


By W. S. Ibbetson, B.Sc., A.M.LE.E., 
M.I.Mech.E. 


E. & F. N. Spon, Ltd.—192 pp. 
Price 7s. 6d. 


This handy little book—5 ins. by 3} ins.— 
covers a wide range of data in electrical 
engineering, set out in a form handy for 
reference. The principal information of the 
latest I.E.E. Wiring Regulations (Eleventh 
Edition and Supplement), is presented in a 
way which enables recommendations on a 
specific subject to be found easily. Much 
useful data on illumination design and 
practice, including fluorescent lighting, is 
given, as is also installation and maintenance 
data relating to motors and electric drives. A 
miscellany of other useful information makes 
the book what the author intended it to be— 
an easy reference for operative electricians, 
wiremen, constructional and maintenance 
engineers and architects. 


A Dictionary of Heavy Electrical Machinery 
By 
G. W. Stubbings, B.Sc., F.Inst.P., A.M.LE.E. 


E. & F. N. Spon, Ltd—219 pp. 
Price 10s. 6d. net. 


This book is the second edition of 
Dictionary of Electrical Engineering and the 
original work has been corrected and en- 
larged. It explains some 600 different terms 
used in power supply and industrial electrical 
engineering as distinct from electronics. In 
many instances the explanations go con- 
siderably beyond those given in the wider 
dictionary, B.S. 205—1943 Glossary of Terms 
Used in Electrical Engineering, which gives 
concise descriptions of the item, so that the 
book is a handy mean between the brief 
definitions of B.S. 205 and the articles of 
encyclopedias. In this respect the book 
fulfils a very useful purpose as a reference 
work for students and electrical people as well as 
those engaged in other branches of engineering 
who need information on electrical matters. 


Practical Five-figure Mathematical Tables 
By C. Atwood, B.Sc., B.Sc.(Eng.), A.M.I.E.E. 


Macmillan & Co., Ltd.—74 pp. 
Price 3s. Od. net. 


Most of the functions used in ordinary 
practical calculations together with a good 
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selection of constants and conversion factors 
are included in this book. Logs, natural and 
logarithmic circular functions, squares, cubes, 
roots from square to fifth, reciprocals, expo- 
nential, and hyperbolic functions are given 
with a variety of other useful tables. Much 
care has been taken in the presentation of 
proportional parts, the limitations of which are 
explained. A noteworthy feature of the tables 
is the printing in red of proportional parts 
which have to be deducted. 

Explanatory notes on the tables are given. 
The tables are presented in a way which makes 
extraction of values quick and easy and the 
book should have a very wide scope in 
educational and industrial spheres. 


Electrical Testing for Practical Engineers 
(2nd Edition) 


By 
G. W. Stubbings, B.Sc., F.Inst.P., A.M.LE.E. 


E. & F. N. Spon & Co., Ltd.—260 pp. 
Price 12s. Od. net. 


This volume is written for those whose 
duties include the erection, maintenance and 
operation of electrical machinery, appliances 
and installations. 

The various instruments for simple 
testing are described whence follows numerous 
methods of measuring currents, voltages, 
resistances, power, and insulation resistance. 
A variety of tests for localizing faults on 
installations and underground mains is given 
although naturally, in a condensed and wide- 
range book, the author has not been able to 
deal with the more refined methods for 
localizing obstinate faults, In the chapter 
devoted to 3-phase testing, simple ways are 
explained for finding the various data usually 
needed and the final chapters describe 
methods for making the tests usually required 
for checking purposes in the erection, 
maintenance, and operation of switchgear, 
relays, and electrical machinery, 

The book is a very useful guide of an 
elementary nature for practical personnel, stu- 
dents, and apprentices. 


Electricity Commission 
Dissolved 


Under an order made by the Minister of 
Fuel and Power which came into operation 
on Ist August, 1948, the Electricity Commission 
was dissolved. The property rights, obligations, 
and the remaining functions of the Com- 
missioners were transferred to the Minister 
under this order. 
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Problem Circle 


UR many friends who are interested in 

this page may like to try their skill with 

an intriguing problem which Mr. H. G. 
Bell, M.Sc., M.I.E.E., Manager of No. 1 
Sub-Area, N.W. Electricity Board, has kindly 
passed on to us. It is not too difficult to solve 
by trial, but fastidious mathematicians may 
prefer to do so algebraically. Although we do 
not offer this as a prize problem, we shall be 
very interested to receive answers obtained by 
either method. This is the problem. 

There is a number consisting of several 
digits of which 2 is the unit or right-hand 
digit. When this 2 is transposed to the left of 
the number so that we have a new number 
beginning with 2 and the remaining digits 
occur in their original sequence, the new 
number is exactly double the old one. What 
is the smallest integral number which has this 
peculiarity? ji 

And can any reader tell us why? 


. Problem No. 337 was an addition sum, the 
digits of which represented letters. The 
problem was to find the words the numbers 


represented. One of our competitors said of ` 


this problem, "How Mr. Carter made this is a 
miracle. It is ten times easier to solve”. So it 
seems, for many competitors gave the answer 
which follows. 

I The half-guinea prize 
is won by Mr. R. Merry- 
lees, 181 Coronation Road, 
Hull. We congratulate him 
and also all the others, less 
fortunate, who sent in this 
solution. 

The bent wire prob- 
lem, although simple and 
straightforward, seems to 
have tricked some of our 
competitors. The dia- 
gram explains it: the uni- 
form wire is bent in a 
right-angle, so that the 
lengths of the arms are 1 : 2, and suspended 
from the bend at O. The vertical distance 
BC had to be found when 0D—2 0”, 

From the con- 
ditions of equili- 
brium, 2 AD=DC. 
If w is the weight 
per unit length a of 
the wire, 24/2aw—= 
DC/aw; DC=12”’ 
and AD=6", also 
AD/24=OE/DC 
whence OE=3” and 
ED=BC=1' 9”. 
And that is all there 
is to it! 

The lucky com- 
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petitor who wins the half-guinea for this 
problem is Mr. J. Evans, Roslyn, Bucklands 
Batch, Nailsea, Somerset. 


The first of the new problems has been 
passed on to us by Mr. H. A. Macdonald of 
the Henley Research Laboratories. He says it 
was perplexing many a while ago, so perhaps 
some of our readers who have not previously 
encountered it will be tempted to try their skill. 

Problem 339. An eccentric person wished 
to cut from a length of stair-carpet of width w, 
a length / so that the rectangular strip would 
fit diagonally across a room of width X and 
length Y, with each corner of the carpet just 
touching a wall of the room. What is the 
length of the carpet / expressed in terms of its 
width w, and X and Y? 


Thenext problem comes from Mr.J.Travers. 
Problem 340. O 
is any point within 
an equilateral tri- 
angle ABC of area 
P. The area of the 
triangle formed by 
OA, OB, and OC is 
Q. Express OA?+ 
B OB?+-OC? in terms 
c of P and Q. 
Solutions to Problems 339 and 340 
should be sent to the Editorial Offices, 
51/53, Hatton Garden, London, E.C.1, by 
30th November, 1948. The usual half-guinea 
prize is offered for the first correct solution of 
each of these problems to be opened. The 
Editor’s decision must be accepted as final. 


A 


Continued from page 49 
combined voltage drops in the faulty line, and 
in the generator, IkoZo. If the neutral displace-» 
ment voltage Ero is zero, as will be the 
when the alternator is solidly earthed, sé 
factory relay operation is not ensured ; 
is it when the fault resistance is very I 
the current will be too small to prodüce" the 
necessary phase-shift in the system neütfal. 
From a study of equation 13, it will be 
noted that E! is a maximum at the fault 
position and that it diminishes towards the 
source of supply. This equation enables us to 
ascertain the open-delta voltage at any point 
in the system. Equation 12 shows that we 
have to substitute the numerical values for 
Z:, Zo, and Zo, the phase-sequence im- 
pedances for the total fault-current path, to 
ascertain Iro, and also the numerical values for 
Zoa and Zos, the zero-sequence impedances of 
the transmission lines in arriving at Zo, | 
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HENLEY WELDING CABLES are fey or BY APPOINTMENT 
made to withstand arduous condi- Siig 1 ONAE 
tions existing in the electric welding 
industry. Flexible, tough, easily 
handled, they are ideal for use in 


54 general Induserial works four HENLEY 
Ss, enquiries are invited. AB L E S 
se HENLEY Welding lables 
bhe 


N. T. HENLEY’S TELEGRAPH WORKS CO. LTD., 51-53 HATTON GARDEN, LONDON, E.C.I 


Here is yet another 
consignment of HENLEY 
“ Dwarf” type distribution pillars 

eg going overseas. Although we are very busy 
E/PORI helping Britain’s export drive, every effort is 
oft being made to meet the heavy demands of the 


home market for Henley Electrical Distribution 
Equipment. 


W. T. HENLEY’S TELEGRAPH WORKS CO. LTD., 51-53 HATTON GARDEN, LONDON, E.C.I 


